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Tbjective: We had observed that pulmonary artery ligation for 14 days did not
nduce lung infiltration in a patient who had undergone a lobectomy for lung cancer.
ur hypothesis was that long-term pulmonary artery ligation decreased lung water
olume and/or increased alveolar fluid clearance. We determined the mechanism
esponsible for lung water balance in rats with chronic pulmonary artery occlusion
or 14 days.
ethods: Sprague–Dawley rats (n 45) were used. Through a left thoracotomy, the
eft pulmonary artery was ligated for 14 days. Then, we measured lung water
olume, alveolar fluid clearance, the effects of -adrenergic agonist and antagonist,
RNA expression, and protein expression in the lungs.
esults: Chronic left pulmonary artery occlusion increased both lung water volume
nd alveolar fluid clearance in the left lungs, but not in the right lungs with
ulmonary perfusion. Neither a -agonist nor a -antagonist changed the increase
n alveolar fluid clearance. Real-time polymerase chain reaction revealed an increase
n 1-Na,K-ATPase mRNA and a decrease of 2-adrenoreceptor mRNA, but no
hange in 1-Na,K-ATPase mRNA and -, -, -epithelial sodium channel mRNA,
n the left lung without pulmonary perfusion. Western blot analysis revealed an
ncrease in 1-Na,K-ATPase subunit, but no change in 1-Na,K-ATPase subunit.
onclusion: Chronic pulmonary artery occlusion increases alveolar fluid clearance
ia 1-Na,K-ATPase overexpression in rats.
urgery is the most common form of treatment for non–small cell lung cancer.
However, there are some complications during surgery. While silicotic hilar
lymph nodes (11R inferior) were dissected from the pulmonary artery, we had
bserved an unexpected hemorrhage from a distal pulmonary artery that was
hereafter ligated at the base of the branches to stop the hemorrhage. Fortunately, no
bnormal infiltration such as pulmonary edema was found in the lung lobe with
ulmonary artery ligation by a chest x-ray film and a computed tomograpic scan 14
ays after the operation. However, questions remained regarding lung water bal-
nce, especially whether lung water volume decreased or whether alveolar fluid
learance increased.
The amount of alveolar fluid volume is determined by the balance between
ormation and clearance of alveolar fluid.1 If the formation exceeds the clearance of
he Journal of Thoracic and Cardiovascular Surgery ● Volume 134, Number 5 1213
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CSPlveolar fluid, as in cases of hydrostatic pulmonary edema
nd acute lung injury, the amount of alveolar edema fluid
ncreases and oxygen exchange deteriorates across the al-
eolar epithelial barrier.2 The mechanisms responsible fo
lveolar fluid clearance have been studied in the past 2
ecades.3 Alveolar epithelial type I and II cells drive 
rom the alveolar spaces through the apical epithelial
odium channel (ENaC) and basolateral sodium–potas-
ium–adenotriphosphatase (Na,K-ATPase).4 Ion gradi-
nts generated with transported ions drive fluid out of the
lveolar spaces.1 Inasmuch as stimulation of -adrenergic re-
eptors augmented the rate of alveolar fluid clearance and
ccelerated the resolution of pulmonary edema,5,6 some 2-
drenergic agonists have been considered to be an effective
edicine for patients with pulmonary edema.7
The impairment of pulmonary blood flow sometimes
ccurs in patients with pulmonary edema and acute re-
piratory distress syndrome; therefore, the effect of pul-
onary perfusion on alveolar fluid clearance has been
tudied in in vivo and ex vivo models. Acute pulmonary
schemia did not affect alveolar fluid clearance in
heep.8,9 Although the rate of alveolar fluid clearance
mpaired in the isolated lungs than as in vivo lun10
lveolar fluid clearance continued in the isolated lungs
ithout any pulmonary perfusion in several species in-
luding human lungs.6,10,11 Interestingly,  -adrenergic
gonists increase alveolar fluid clearance in these ex vivo
nd in vivo lungs.10 However, the duration of pulmona
schemia was no longer than 8 hours in those studies.
hronic pulmonary artery occlusion occurs in several
ircumstances in clinical practice. For example, pulmo-
ary artery obstruction can occur as a result of anasto-
otic stenosis, kinking, or extrinsic compression in a
ecipient of lung transplantation. Branches of the pulmo-
ary artery are often obstructed by the invasion of lung
ancer. Postoperative pulmonary thromboembolism ob-
tructs the stem and branches of pulmonary arteries. It is
ncertain whether chronic pulmonary artery occlusion
ffects the rate of alveolar fluid clearance.
The first objective in the current study was to determine
Abbreviations and Acronyms
ATPase  adenosine triphosphatase
cDNA  complementary deoxyribonucleic acid
DNA  deoxyribonucleic acid
ENaC  epithelial sodium channel
GAPDH  glyceraldehyde-3-phosphate
dehydrogenase
Na,K-ATPase sodium–potassium–adenotriphosphatase
PCR  polymerase chain reaction
RNA  ribonucleic acidhether chronic pulmonary artery occlusion affected lung c
214 The Journal of Thoracic and Cardiovascular Surgery ● Novater volume and alveolar fluid clearance. Inasmuch as
lveolar fluid clearance increased in the rat lungs with
hronic pulmonary artery occlusion, the second objective
as to determine the mechanism responsible for the in-
rease in alveolar fluid clearance. The third objective was to
etermine whether a 2-adrenergic agonist increased alve-
lar fluid clearance in the rat lungs with chronic pulmonary
rtery occlusion.
aterials and Methods
ropranolol (a nonselective -adrenergic antagonist) and terbutal-
ne (a 2-adrenergic agonist) were obtained from Sigma Chemical
ompany (St Louis, Mo). RNA probes (1-, 1-Na,K-ATPase, -,
-, -ENaC, 2-adrenoreceptor) and antibodies (1-, 1- Na,K-
TPase) were obtained from Applied Biosystems (Foster, Calif).
eneral Protocol
his study was approved by the Committee on Animal Experi-
ents at Kanazawa Medical University. Specific pathogen-free
ale Sprague–Dawley rats (250–300 g, Japan SLC Inc,
amamatsu, Japan) received humane care in compliance with
uidelines from the University Committee on Animal Resources.
ats were anesthetized with intraperitoneal injection of pentobar-
ital sodium (50 mg/kg). The rats were orally intubated with Surflo
eflon IV catheters (18G; Terumo, Tokyo, Japan), placed in the
ight lateral decubitus position, and ventilated with an animal
espirator (Harvard Apparatus, Dover, Mass) with 100% oxygen at
peak airway pressure of 7 cm H2O combined with a positive
nd-expiratory pressure of 2 cm H2O. The tidal volume and
espiratory rate were 2.0 mL and 70 cycles/min, respectively. Body
emperature was maintained at 37°C  1°C. Through the fourth
ntercostal space, a left thoracotomy was performed. The apex of
he left lung was pressed with a cotton pad gently toward the
iaphragm, and the left pulmonary artery was separated from the
eft main bronchus gently and then ligated with a 3–0 silk suture.
he lung was inflated and the thoracotomy incision was closed.
After the operation, the rats were awakened from the anesthesia
nd allowed free access to rat chow and water ad libitum for 14
ays. After left pulmonary artery occlusion for 14 days, alveolar
uid clearance was measured in the isolated rat lungs.12-14 In brief,
ats were anesthetized with intraperitoneal injection of pentobar-
ital sodium (50 mg/kg) and exsanguinated via the abdominal
orta. Blood samples were obtained for the measurement of plasma
atecholamine levels. The trachea, bilateral lungs, and heart were
xcised en bloc through a median sternotomy. Isotonic saline
olution (37°C) containing 5% bovine albumin was instilled sep-
rately into the left lung (6 mL/kg) and right lung (8 mL/kg).
ecause the right lung is larger than the left lung, a larger volume
f albumin solution was instilled into the right lungs. Neither
nstilled volume (ranging from 6–8 mL/kg) nor oxygen concen-
ration used to inflate lungs had an effect on alveolar fluid clear-
nce.11-14 The lungs were placed in a humid incubator at 37°C
nflated with 100% oxygen at an airway pressure of 7 cm H2O over
hour. Alveolar fluid was aspirated from the right lung and then
rom the left lung separately 1 hour after instillation. Protein
oncentrations in the instilled and aspired alveolar fluid samples
ember 2007
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Pere measured with the pyrogallol red protein dye–binding
ethod.13
pecific Protocol
Group 1. The effect of left pulmonary artery occlusion on
ung water volume. Lung water volume was estimated by the
atio of lung water to dry lung weight. The lung water/dry lung
eight ratio was measured in rats with left pulmonary artery
cclusion for 14 days (n  6). As a control, the lung water/dry
ung weight ratio was measured in rats that underwent left thora-
otomy without left pulmonary artery occlusion 14 days before the
easurement (n  4).
Group 2. The effect of left pulmonary artery occlusion on
lveolar fluid clearance. Alveolar fluid clearance was measured
n rats with left pulmonary artery occlusion for 14 days (n 7). As
sham control, alveolar fluid clearance was measured in rats that
nderwent left thoracotomy without left pulmonary artery occlu-
ion 14 days before the measurement (n  4).
Group 3. The effects of propranolol and terbutaline on alveolar
uid clearance in rats with left pulmonary artery occlusion. Inas-
uch as alveolar fluid clearance increased in the left lungs in rats
ith pulmonary artery occlusion, we determined whether endog-
nous catecholamine played a role in the increase in alveolar fluid
learance. To inhibit the effect of endogenous catecholamine, we
nstilled an isotonic 5% albumin solution containing propranolol
104 mol/L) separately into the right and left lungs from rats that
nderwent left pulmonary artery occlusion for 14 days (n  4).
ecause propranolol did not inhibit the increase in alveolar fluid
learance in rats with pulmonary artery occlusion for 14 days, we
etermined whether chronic pulmonary artery occlusion preserved
he effect of terbutaline, a 2-adrenergic agonist, on alveolar fluid
learance. An isotonic 5% albumin solution containing terbutaline
106 mol/L) was instilled separately into the right and left lungs
rom rats that underwent left pulmonary artery occlusion for 14
ays (n  5). As a control, an isotonic 5% albumin solution was
nstilled into the individual lungs from rats that underwent sham
eft thoracotomy without left pulmonary artery occlusion 14 days
efore the measurement (n  4).
Group 4. Real-time polymerase chain reaction and Western
lot analysis. Because chronic pulmonary artery occlusion in-
reased alveolar fluid clearance, we determined the mechanisms
esponsible for the increase in alveolar fluid clearance. First, we
easured the expression levels of ENaC mRNA, Na,K-ATPase
RNA, and 2-adrenoreceptor mRNA by real-time polymerase
hain reaction (RT-PCR) (5 rats with left pulmonary artery occlu-
ion, 4 sham rats without pulmonary artery occlusion). Second,
ince the expression of 1- Na,K-ATPase mRNA increased,
e measured the Na,K-ATPase protein levels by Western blot
nalysis (2 rats with pulmonary artery occlusion, 2 sham rats
ithout pulmonary artery occlusion, and 2 control rats without
horacotomy).
easurements
Lung water volume. Left and right lungs were excised sepa-
ately and weighed immediately for the measurement of wet lung
eight. Thereafter, the lungs were dried in an oven (65°C) for 4
ays for the measurement of dry lung weight. The lung water
LW)/dry lung (DL) weight ratio was calculated as follows13: *
The Journal of ThoracicLW/DL (Wet lung weight – Dry lung weight) ⁄ Dry lung weight
(1)
Alveolar fluid clearance. Alveolar fluid clearance was esti-
ated by the progressive increase of the albumin concentration in
he alveolar spaces.6,10,11 Alveolar fluid clearance (AFC) w
alculated as follows:
AFC ([Vi Vf] ⁄ Vi) 100 (2)
here V represents the instilled volume of the albumin solution (i)
nd final volume of alveolar fluid (f).
Vf (Vi Pi) ⁄ Pf (3)
here P represents the concentration of albumin in the instilled
olution (i) and in the final alveolar fluid (f).
Plasma catecholamine. Catecholamine (epinephrine, norepi-
ephrine, and dopamine) levels in plasma were measured as re-
orted in prior studies.12
Real-time quantitative PCR. After left pulmonary artery oc-
lusion for 14 days, rats were exsanguinated under anesthesia with
entobarbital sodium. The distal lung tissue samples were freshly
rozen in liquid nitrogen and stored at 80°C. Total RNA was
xtracted from the lung tissue with RNA isolative reagent (Isogen;
ako, Osaka, Japan) according to the manufacturer’s manual.
DNA was synthesized from 5 g of total RNA in the DNA engine
PTC-200; MJ Research, Watertown, Mass). Then 3.5 LcDNA
as performed with a 1-step RT-PCR reagent (TaqMan; Applied
iosystems) in a final volume of 20 L containing 1 L TaqMan
robes, diethylpyrocarbonate water 5.5 L, and TaqMan universal
CR master mixture 10 L, at 50°C 2 minutes, 95°C for 10
inutes, 95°C for 15 seconds, and 60°C for 1 minute, totally 40
ycles in sequence detection system (ABI PRISM 7700; Applied
iosystems). Oligonucleotide primers and TaqMan probes of -,
-, -ENaC, 1-, 1-Na,K-ATPase, 2-adreneoreceptor, and glyc-
raldehyde-3-phosphate dehydrogenase (GAPDH) genes were
urchased from Assays-On Demand Gene Expression Products
Applied Biosystems). We picked the sample with lowest Ct
alue* in all of samples as the standard sample. The standard curve
as made of the degressive concentration of standard samples at
-fold. Gene expression levels, quantified by the standard curve
ethod according to the manufacturer’s instructions and standard-
zed with the expression levels of GAPDH gene, were used to
nalyze the relative amount of target mRNA expressions.
Western blot analysis. Proteins were extracted from the lung
issues with a lysis buffer containing 50 mmol/L Tris-HCl (pH
.6), 10% glycerol, 5 mmol/L magnesium acetate, 0.2 mmol/L
thylenediamine tetraacetic acid, 1 mmol/L phenylmethylsulfonyl
uoride, and 1% sodium dodecylsulfate. Protein extract was quan-
ified by the Bradford method (Bio-Rad, Hercules, Calif) and 20
g of the extracted protein was applied to electrophoresis with a
5% polyacrylamide gel and then transferred to a nitrocellulose
embrane (Atoh, Tokyo, Japan). After blocking with 5% nonfat
ilk, 0.05% Tween-20 in Tris-buffered saline, the nitrocellulose
embrane was reacted with anti-1- and 1-Na,K-ATPase mono-
lonal antibodies (1:2000) overnight at 4°C. Blots were washed
The number of cycles at which fluorescence goes over the cutoff value.
and Cardiovascular Surgery ● Volume 134, Number 5 1215
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1
CSPnd incubated with peroxidase-labeled rabbit anti-mouse antibod-
es (1:2000) for 1 hour at room temperature. After incubation, blots
ere washed 3 times with blocking solution with 0.05% Tween-20
n Tris-buffered saline. The membranes were incubated with
hemiluminescence luminol reagent (Supersignal; Pierce, Rock-
ord, Ill) and immunoreactive bands were visualized and photo-
raphed digitally by ATTO Light-Capture (AE-6971; ATTO Cor-
oration, Tokyo, Japan).
Morphologic examination. The lung were fixed by injection
f 10% formalin solution through the trachea at a pressure of 20
m H2O and immersed in 10% formalin solution. A 3-mm thick
ection was obtained from the center of the each piece of both
ungs. These sections were embedded in paraffin and then sec-
ioned serially at 5 m and stained with hematoxylin and eosin. All
ections were coded randomly. Microscopic fields using magnifi-
ations of 100 and 200 were examined in each section.
tatistics
ata are summarized as the mean and standard error (mean  SE).
he data were analyzed by a 1-way analysis of variance with the
tudent–Newman–Keuls post hoc test (GraphPad Prism 4; Graph-
ad Software Inc, San Diego, Calif).
esults
eft Pulmonary Artery Occlusion Increased Lung
ater Volume and Alveolar Fluid Clearance
he lung water/dry lung weight ratio was 10% greater in the
eft lungs with left pulmonary artery occlusion (4.32  0.10
/g; P  .05) than in the right lungs in the same rats (4.00 
.03 g/g) and in left lungs in sham rats without pulmonary
rtery occlusion (3.90  0.03 g/g) (Figure 1, A). In sham
ats, there was no difference between the lung water/dry
ung weight ratios in the left lungs and in the right lungs.
lveolar fluid clearance significantly increased in the left
ungs in rats with left pulmonary artery occlusion (13.6%
.0%; P  .05) than in the right lungs in the same rats
9.6%  0.5%) and in the left lungs in sham rats without
ulmonary artery occlusion (8.6%  0.5%) (Figure 1, B). In
ham rats, there was no difference between alveolar fluid
learance in the left lungs and that in the right lungs.
T-PCR revealed that the expression level of 1-Na,K-
TPase mRNA (Figure 1, C), but not 1-Na,K-ATPase
RNA (Figure 1, D), increased in the left lungs in rats 
ulmonary arterial occlusion. Thoracotomies in sham rats
id not change the expression levels of 1- and 1-Na,K-
TPase mRNA. Western blotting revealed that the 1-
a,K-ATPase subunit protein level increased in the left
ungs in rats with pulmonary artery occlusion (Figure 1E),
hereas a statistical analysis was impossible because of
mall number of samples. However, the 1-Na,K-ATPase
ubunit protein level did not change in the left lungs in rats
ith pulmonary artery occlusion. Neither a thoracotomy nor a
216 The Journal of Thoracic and Cardiovascular Surgery ● Novulmonary artery occlusion changed the expression levels
f -, -, and -ENaC mRNA.
he Effects of Propranolol and Terbutaline on
lveolar Fluid Clearance in Rats With Left
ulmonary Artery Occlusion
ropranolol (104 mol/L) did not change alveolar fluid
learance in bilateral lungs in rats with left pulmonary artery
cclusion (Figure 2, A). Terbutaline (106 mol/L) increased
lveolar fluid clearance in the right lungs in rats with pul-
onary artery occlusion. However, terbutaline did not in-
rease alveolar fluid clearance in the left lungs in rats with
eft pulmonary artery occlusion. Plasma catecholamine lev-
ls 14 days after surgery were not different from the normal
alues.13 The expression levels of a 2-adrenergic receptor
RNA decreased in the left lung in rats with pulmonary
igure 1. The effect of pulmonary artery occlusion on lung water
olume (A), alveolar fluid clearance (B), on Na,K-ATPase mRNA
C and D),and protein levels (E). Left pulmonary artery occlusion
ncreased both the lung water/dry lung weight ratio (A) and
lveolar fluid clearance (percent of instilled volume over 1 hour,
) in the left lungs, but not in the right lungs, in rats with left
ulmonary artery occlusion. RT-PCR demonstrated that left pul-
onary artery occlusion increased the 1-Na,K-ATPase mRNA
evels (C), but not 1-Na,K-ATPase mRNA levels (D), in the left
ungs in rats with left pulmonary artery occlusion. The protein
evels of 1-Na,K-ATPase, but not 1-Na,K-ATPase, increased in
he left lung in rats with pulmonary artery occlusion (occlusion,
 2) compared with the left lungs in sham control (control, n 
) (E). *P <.05 vs sham control and right lungs in rats with
ulmonary artery occlusion. †P <.01 vs values of Na,K-ATPase
RNA over GAPDH mRNA in the right lungs in rats with left
ulmonary artery occlusion and in sham rats without pulmonary
rtery occlusion. Means  standard errors. GAPDH, Glyceralde-
yde-3-phosphate dehydrogenase.rtery occlusion (Figure 2, B).
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Porphologic Examination
he formation of edema fluid was absent in the right lungs
n rats with left pulmonary artery occlusion and in the
ilateral lungs in sham rats (Figure 3, A). Although th
ormation of edema fluid was absent in the alveolar spaces,
erivascular cuffing was present in the left lungs in rats with
ulmonary artery occlusion for 14 days (Figure 3, B and C).
ulmonary infarction and thrombus formation were absent
n the lungs with pulmonary artery occlusion.
iscussion
n this study, we found that pulmonary artery occlusion for
4 days increased lung water volume by 10% and also
lveolar fluid clearance by 40%. Although -, -, -ENaC
RNA and 1-Na,K-ATPase mRNA levels did not increase
n the lungs in rats with pulmonary artery occlusion, mRNA
nd protein levels of 1-Na,K-ATPase increased. We also
ound that pulmonary artery occlusion for 14 days abolished
he effect of a 2-adrenergic agonist on alveolar fluid
learance.
Inasmuch as pulmonary artery occlusion decreases the
ydrostatic force in the Starling equation.1 we hypothesized
igure 2. The effects of terbutaline and propranolol on alveolar
uid clearance in rats with left pulmonary artery occlusion (A).
erbutaline (106 mol/L) increased alveolar fluid clearance in the
ight lungs, but not in the left lungs, in rats with left pulmonary
rtery occlusion. Propranolol (104 mol/L) had no effect on alve-
lar fluid clearance in both lungs in rats with left pulmonary
rtery occlusion. *P <.05 vs the rates of alveolar fluid clearance
n the right lungs in rats with pulmonary artery occlusion. None,
o treatment of propranolol or terbutaline. The effect of pulmo-
ary artery occlusion on 2-adrenoceptor mRNA level (B). RT-
CR demonstrated that the level of 2-adrenoceptor mRNA over
APDH mRNA decreased in the left lungs in rats with left pul-
onary artery occlusion. *P < .05 vs the mRNA levels in the right
ungs in rats with left pulmonary artery occlusion and in bilateral
ungs in control rats. Means  standard errors. GAPDH, Glycer-
ldehyde-3-phosphate dehydrogenase; RT-PCR, real-time poly-
erase chain reaction; mRNA, messenger ribonucleic acid.hat lung water volume would decrease in the rat lungs u
The Journal of Thoracicithout pulmonary perfusion. However, lung water volume
easured by a gravimetric method increased. There may be
wo explanations for the increase in lung water volume
ecause perivascular cuffing was present around the ligated
ulmonary artery. First, because lung interstitial fluid drains
rimarily through the pathway via pulmonary circulatio8
he decease in pulmonary blood flow impaired the clearance
apacity of interstitial fluid and resulted in the increase in
ung water volume. Second, whereas lung lymph flow also
lays a role in the drainage of interstitial lung fluid and the
ate of lung lymph flow is impaired in lungs without pul-
onary perfusion,9,15 it is also likely that decreased lu
ymph flow impaired the drainage capacity and resulted in
he increase in lung water volume. Because there was no
uid accumulation around bronchi, it is unlikely that bron-
hial circulation played an important role in the increase in
ung water volume.
An amiloride-sensitive sodium channel and basolateral
a,K-ATPase play a primary role in alveolar fluid clear-
nce.16 We determined whether pulmonary arterial occ-
ion changed the expression of the sodium channel and
a,K-ATPase. First, since the sodium channel consists of
hree homologous subunits: -, -, and -ENaC,17 we mea-
ured the mRNA levels of three subunits and found that
T-PCR did not reveal a significant change in the mRNA
evels. Second, although the overexpression of 1-Na,K-
TPase increased alveolar fluid clearance,18 we found tha
ulmonary arterial occlusion did not change the expression
f 1-Na,K-ATPase. In this study, because pulmonary ar-
ery occlusion increased both mRNA and protein expres-
ions of 1-Na,K-ATPase, it is likely that 1-Na,K-ATPase
layed a role in the increase in alveolar fluid clearance.
lthough we did not measure the activity of Na,K-ATPase,
ur data are supported by a report that the overexpression of
1-Na,K-ATPase by catecholamine correlated with the -
rease in the of Na,K-ATPase activity.19
Endogenous catecholamines,20,21 exogenous 2-adrenergic
gonists,5,6 and the overexpression of 2-adrenoceptors22 in-
reased alveolar fluid clearance. Therefore, we determined
hether the mechanism mediated by a -adrenoceptor played
role in the increase in alveolar fluid clearance in the lungs
ith pulmonary artery occlusion. First, because the endoge-
ous catecholamine levels in plasma did not increase in rats
ith pulmonary artery occlusion, it is unlikely that the increase
n plasma catecholamine was responsible for the increase in
lveolar fluid clearance. Second, although it was reported that
ropranolol inhibited the effect of endogenous catecholamine
n alveolar fluid clearance in rats with shock,20 propranolol did
ot inhibit the increase in alveolar fluid clearance in this study.
hird, although there was a possibility that terbutaline, a potent
2-adrenergic agonist, did not stimulate alveolar fluid clear-
nce because of a plateau of alveolar fluid clearance, it is
nlikely because the increased alveolar fluid clearance in this
and Cardiovascular Surgery ● Volume 134, Number 5 1217
s ce.
F
d
t
 k, 
h
H

t
p
r
p
d
n
a
s
t
c
fl
t
a
p
c

R
1
1
1
1
1
1
1
Cardiopulmonary Support and Physiology Wang et al
1
CSPtudy was smaller than the plateau of alveolar fluid clearan14
inally, because the expression of 2-adrenoceptor mRNA
ecreased, the decreased expression may be associated with
he impaired effect of terbutaline. The impaired function of
-adrenoceptors has been indicated in hemorrhagic shoc21
yperoxic lung injury,23 and ventilator-induced lung injury.24
owever, it is uncertain whether the impaired function of
-adrenoceptors is due to downregulation of -adrenoceptor,
he defect of receptor signaling, or some combination of im-
aired alveolar epithelial function.25
There are several limitations in this study. First, the
ole of bronchial circulation and lymph flow that may
lay an important role in lung fluid balance was not
etermined. Second, the activity of Na,K-ATPase was
ot determined and the number of lungs used for protein
nalysis is small. Third, the protein level, trafficking, and
ignaling of -adrenoceptors were not determined.
In clinical relevance in thoracic surgery, the results of
his study indicate that a treatment increasing alveolar fluid
learance should be considered to eliminate alveolar edema
uid in the lung with pulmonary artery occlusion. In addi-
ion, it is unlikely that a 2-adrenergic agonist is a useful
gent for resolution of pulmonary edema in the lung without
ulmonary blood flow.
In conclusion, chronic pulmonary artery occlusion in-
reases alveolar fluid clearance via the overexpression of
1-Na,K-ATPase in rats.
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